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1. INTRODUCTION 

The energy from fuel oil will be replaced by renewable energy in the future years. One of renewable 
energy is solar energy that clean, abundant and sustainable nature. Solar energy is the most critical energy 
source which the world requirements. Solar energy for the core application grouped into two groups. The first 
is to produce heat by technology solar thermal system, and the second is to generate electricity by the technology 
photovoltaic (PV) system. The solar thermal system applied for solar dryer and heating room system 
with outside voltage for pumping power. Otherwise, when photovoltaic technology system produces 
electricity to be able to increase the photovoltaic system temperature. The overheat of PV system decreases 
the electrical efficiency. 

To remove the overheat from the PV system is cooled by fluids. Fluid usually used by air or water 
as solar heater air or water collector. Air or water heater collector passed under or up a PV system. 
The integrated system between the PV system and air/water heater collector is named photovoltaic (PVT) 
system. The PVT system produces thermal and electrical energy. PVT system can improve the cooling 
process of the PV system and electrical efficiency. The benefit of the PVT system reduced the space and cost 
requirement as related between the technology PV system and solar thermal system parted. The parameters to 
improve the PVT system are solar intensity, wind speed, outlet temperature, inlet temperature, the velocity of 
air or water collector, ambient temperature and coefficient of heat transfer [1-10]. 

Many researchers have conducted PVT system performances by energy and exergy analysis. 
Fujisawa and Tani [11] have likened performance of PVT system by yearly exergy assessment with 
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horizontal-plate and solar water boiler. The photovoltaic technology thermal is integrated by monocrystalline 
silicon cells with and without a glazed single. Chow et al., [12] have conducted energy and exergy analysis of 
PVT collector glazed and unglazed shelter. Saitoh et al., [13] have integrated the PVT system based on air 
with a photovoltaic module and solar collector in northern Japan. The results have been compared by 
the energy and exergy efficiency approach monthly and detailed by Joshi and Tiwari [14]. The combination 
with air channel up and under the plate collector for four climates environments of five different towns of 
India. The PVT air collector with energetic and exergetic analysis has been conducted by Dubey et al., [15]. 
Nayak and Tiwari [16] have done a review of the PVT system theoretical approach. The PVT system 
combined photovoltaic technology and soil air boiler exchanger conservatory. 

Mustapha and Aziz [17] have studied the performance of the photovoltaic pumping system for two 
cities in Morocco. The use of MATLAB or Simulink software established the photovoltaic pumping system 
simulation. The results show that the planned MPPT shows excellent performance to improve efficiency 
and pursuing speed. Nikita et al., [18] have estimated the electrical parameters of solar photovoltaic. 
Performances estimation has been compared by the NSGA-II method, and the results show that the curve 
parameters are suitable with the producer’s datasheet. Karmila et al., [19] have analyzed the voltage constancy 
on the communication system with photovoltaic interconnection by power system simulator for engineering 
(PSSE). The simulation approach has been discussed by voltage stability indices (VSI) and previous studies. 
Zulkifli et al., [20] have established to maximize techniques of hybrid stand-alone photovoltaic. 
There are three optimizations techniques, specifically the dolphin echolocation algorithm (DEA), 
fast evolutionary programming (FEP), and classical evolutionary programming (CEP). The DE technique 
overwhelms the FE and CEF techniques. 

In this study, the comparison between the indoor and outdoor investigation of PVT system solar air 
collector was conducted at The National University of Malaysia condition. A short-term description of indoor 
and outdoor evaluation has to perform. Indoor processes are performed under solar simulator with 
the standard testing condition (STC) where the ambient temperature, wind speed, inlet temperature, the solar 
intensity is controlled. The indoor investigation shows a high control variable or parameters to examine 
a specific effect while dependent parameters can be detained continuously. The outdoor investigation 
is performed in an outdoor laboratory with the following real conditions. The controlling variables 
while outdoor investigation processes conducted is fragile because of moving variables rapidly. 
However, this comparison is well to yield the actual outcome that is accurate for the customer. 
Photovoltaic thermal system solar air collector was planned, established and tested under indoor and outdoor 
investigation. This investigation aims to compare the performance of outlet temperature, photovoltaic 
temperature, thermal, electrical and PVT efficiency between indoor and outdoor investigation. The outdoor 
investigation is used to verify the rationality of indoor tested under a solar simulator. 


2. RESEARCH METHOD 

The indoor investigation constructed under solar simulator using 45 halogen lamps. And using fan 
DC and insulator, the photovoltaic panel of 100 W with monocrystalline type, flat plate as the solar collector, 
regulators to control solar intensity of solar simulator, Anemometer DTA 4000 to fix mass flow rate, 
a pyranometer to govern solar intensity and J-type thermocouple to connect ADAM-4019 and to record 
temperature data routinely by Solar Energy Research Institute software as shown in our manuscripts [21] 
and outdoor investigation has been conducted in the National University of Malaysia as shown in Figure 1. 
The outdoor study started from 08.00 am to 5.00 pm for two weeks. The indoor and outdoor inquiry 
conducted under the solar intensity of 820 W/m’ and mass flow rate from 0.01 to 0.05 kg/s. Characterization 
of PVT system solar air collector is measured by outlet temperature, inlet temperature, thermal 
efficiency, and PV efficiency. PV efficiency is contingent on its temperature. The electrical or PV energy 
calculated as [22-27]. 


Nev = Nol1 — 0.0045(Tpy — 25)] 


where the thermal efficiency of the PVT system solar air collector assumed as [28-33]: 


_ mC(To-Ti) 
Nth = AS 


where the electrical efficiency or PV efficiency is npy, thermal efficiency is n,,, the definite warmth of 


the air is C, the mass flow rates are m, the solar intensity is S, the extent of the solar collector is A, 
outlet temperature is 7, and inlet temperature is 7;. PV temperature is Tpv- 
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Figure 1. Outdoor experimental of photovoltaic thermal solar air collector 


3. RESULTS AND DISCUSSION 

Figure 2 displays the outlet temperature versus mass flow rate between indoor and outdoor 
investigation. For the indoor research, the inlet temperature is controlled average 25° C and solar intensity 
of 820 W/m’. The mass flow rate is fixed from 0.01 to 0.05 kg/s. one mass flow rate is repeated for three- 
time minimum until one hour from stable system condition. And for outdoor investigation, the parameters 
are uncontrolled. We just fixed the mass flow rate from an average of 0.01-0.05 kg/s. the solar intensity 
is chosen an average of 820 W/m’ every day with following the real system condition. The outlet temperature 
is recorded in computer software every minute. 

The comparison outdoor and indoor investigation of PVT system air collector to expect electrical 
and thermal efficiency performance was showed. The performance of the thermal and electrical efficiency of 
the PVT system air collector was affected by the different mass flow rates with the solar intensity of 820 W/m’. 
Figure 2 displays the PV temperature and outlet temperature that was gained by indoor and outdoor 
examination grades. The delivery of PV temperature and outlet temperature at the solar intensity of 820 W/m? 
is shown in Figure 3. Figure 2 shows that increasing the mass flow rate concurrently decreased 
the Photovoltaic temperature and outlet temperature of the PVT system solar air collector. The outlet 
temperature drops with increasing mass flow rate because the airspeed in the duct increased. 

The outcomes distribution of photovoltaic temperature and outlet temperature is shown in Table 1. 
Outdoor outcomes confirmed the indoor investigation outcomes. The indoor outcomes investigation has 
controlled under solar simulator with an average error of 4.87% and 1.87% for photovoltaic temperature 
and outlet temperature. The indoor outcomes are reliable with outdoor results with the correctness of 95.13% 
and 98%, correspondingly. 

Figure 3 shows the temperature difference (To-Ti) versus the various mass flow rate at the solar 
intensity of 820 W/m’. The variation mass flow rate with Indoor and the outdoor investigation conducted 
from 0.01 to 0.05 kg/s. T, — T; is the temperature difference between the outlet and inlet temperature of the 
PVT system air collector. The maximum temperature difference is 16.77° C at the mass flow rate of 0.05 kg/s 
with the indoor investigation. Temperature difference similarly is air temperature successfully engrossed by 
solar air collectors. Figure 3 displays that increasing the mass flow rate decreases the temperature difference 
of the PVT system solar air collector. 

Figure 4 shows PV efficiency and thermal efficiency versus the mass flow rate of PVT air collectors 
at the solar intensity of 820 W/m’. The PV efficiency maximum outcome is 14.46% at the mass flow rate 
of 0.05 kg/s with an outdoor investigation outcome. The thermal efficiency maximum outcome is 84.15% at 
the mass flow rate of 0.05% with the indoor investigation. It showed that increasing the mass flow rate of 
PVT air collectors increases the PV and thermal efficiency, correspondingly. 

Table 2 shows the comparison between indoor and outdoor investigation outcomes of PV 
and thermal efficiency with average error and accuracy approach. The average error between outdoor 
and indoor results is 6.78% and 9.28% for PV efficiency and thermal efficiency, correspondingly. 
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The accuracy of PV efficiency and thermal efficiency is 93.22% and 90.72%, respectively. From Table 2 
shows that the indoor outcomes are suitable for outdoor results for PV efficiency and thermal efficiency. 

Figure 5 shows PVT efficiency versus the variation of mass flow rate at the solar intensity of 820 
W/m’. The PVT efficiency has a similar trend with PV and thermal efficiency because the PVT efficiency 
is a combination of PV efficiency with thermal efficiency. The maximum PVT efficiency is 94.85% at 
the mass flow rate of 0.05 kg/s with the indoor investigation. The graph trend shows that increasing the mass 
flow rate increase the PVT efficiency of PVT system solar collector. 

Table 3 shows the evaluation of the PVT system based on air collectors between the present study 
and the previous study. The PV and thermal efficiency maximum are 14.46% and 84.15%, respectively, 
for the present study. Table 3 displays that the current study results are the agreement by Slimani et al., [34], 
Selem et al., [35] and Fudholi et al., [21] for PV and thermal efficiency. To improve the PV and thermal 
energy are with growing the mass flow rate of solar air collector. 
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Figure 4. Thermal and PV efficiency versus mass Figure 5. PVT efficiency versus mass flow rate with 
flow rates (820 W/m’) the indoor and outdoor investigation (820 W/m’) 


Table 1. Outlet and PV temperature of PVT system solar air collector with the indoor 
and outdoor investigation 


, 2 PV Temperature, T. (°C) Outlet Temperature, T, (°C) 

m (Kg/s) ony) Indoor Outdoor % error Indoor Outdoor % error 
0.01 820 74.46 71.55 3.90 46.77 46.33 4.70 
0.02 820 69.94 67.41 3.62 44.13 43.71 0.61 
0.03 820 66.65 63.14 5.26 41.48 40.92 0.03 
0.04 820 65.35 62.30 4.67 40.36 39.14 2.26 
0.05 820 64.32 59.89 6.88 39.51 38.13 1.83 

Average 4.87 1.89 
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Table 2. Thermal and PV Efficiency of PVT solar air collector with indoor and outdoor investigation 


m S (Wim?) PV efficiency (%) Thermal efficiency (%) 
(Kg/s) Indoor Outdoor % error Indoor Outdoor % error 
0.01 820 10.11 10.28 1.65 33.15 30.31 8.57 
0.02 820 10.37 10.52 1.41 51.94 50.26 3.23 
0.03 820 10.56 10.77 1.91 62.16 58.84 5.34 
0.04 820 10.64 10.96 2.91 74.01 64.38 13.01 
0.05 820 10.70 14.46 26.02 84.15 70.49 16.23 
Average 6.78 9.28 
Table 3. The evaluation of PVT system design in previous studies 
References Study approaches PV efficiency (%) (Thermal efficiency (%) 
[36] Experimental and theoretical 8.3-10.4 46-62 
[37] Experimental 11.9-12.4 50 
[38] Experimental 17.4 71.5 
[39] Theoretical 15 23 
[40] Theoretical 7.5-8.7 51.6-52 
[41] Theoretical 3.1-9.1 32.8-41 
[42] Experimental NA 55 
[43] Theoretical 16.5 48 
[44] Experimental and theoretical 13.75 56.19 
[34] Experimental and theoretical 15 50 
[35] Experimental and theoretical 10.5 70 
[45] Experimental 17.7-38.4 31.6-57.9 
[21] Experimental and theoretical 9.87-11.34 21.3 -82.9 
Present study Experimental 10.11-14.46 30.31-84.15 
CONCLUSION 


The indoor and outdoor investigation of the PVT system air collector tested. The indoor and outdoor 


inquiry conducted at the National University of Malaysia. The indoor research is tested under solar simulator 
where the parameters are under controlled. The outdoor investigation under the sun directly is uncontrolled 
the parameters because of parameters actual condition. Both conditions are strengthened by another to 
evaluated. Indoor investigation outcomes are reliable with outdoor investigation outcomes with 
the correctness of 95.13% and 98% for PV and outlet temperature efficiency, correspondingly. The accuracy 
of PV efficiency and thermal efficiency is 93.22% and 90.72%, respectively. 
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